Optical spectrum analyzer (OSA) can achieve the higher precision and sensitivity, but it is disadvantageous for translating optical signal into electrical signal. A fiber Bragg grating (FBG) matched filtering system based on equi-intensity cantilever beam was presented in this paper. Strain characteristics in different location of cantilever beam were described, and the strain sensitivity of matching grating demodulation based on equi-intensity cantilever beam was deduced mathematically. Strain characteristics of cantilever beam were verified, and the sensing effect of the system was tested. The Bragg wavelength shift range of the demodulating FBG placed on the cantilever beam reached 10 nm, and scanning velocity was 0.125 nm/s. The system could demodulate slow-altered sensing signal accurately and rapidly.
Introduction
Fiber Bragg grating is one of the most applied optical devices in the photoelectron field. Due to the periodical distribution of refraction index in its core, FBG has many advantages such as narrowband filter and wavelength self-encoded nature, so it is widely applied in the fields of measuring, communicating, sensing and so on [1] [2] [3] [4] . Bragg wavelength shift is in the grade of nanometer (nm) and even picometer (pm), so it becomes the key for the demodulation system to detect the wavelength shift precisely. Although high-precision OSA can achieve the high precision and sensitivity, its big volume, high cost, and the difficulty of translating optical signal into electric signal have greatly restricted FBG practical application in the project field.
For the purpose of utilizing FBG as sensing element, several techniques have been proposed to demodulate the reflected signal come from sensing FBG. Those demodulation methods include interferometry [5, 6] , tunable filtering [7] , matching filtering [8] , scanning method with tunable narrow-band light source and so on [9] .
FBG matching filtering demodulation system based on equi-intensity cantilever beam (EICB) was presented in this paper. The tuning circuit based on AT89C52 MCU was controlled by the computer, which dominated the motor to move EICB to match the sensing FBG for detecting the environmental variables such as temperature and strain. The system could demodulate slow-altered sensing signal accurately and rapidly, but its cost is far lower than that of traditional demodulation system based on the OSA.
Theoretical Model of Equi-Intensity Cantilever Beam
In order to analyze different location strain characteristic of EICB and its tuning ability, the mathematical model was established based on the following geometric structure, which is shown in Fig. 1 . According to the principle of Mechanics of Materials, the bending moment M between free end and examined point x caused by the vertical displacement f is
where M is a positive value without considering its sign, x the vertical distance between free end and examined point and C is a constant only related to 1 b and 2 b . P represents the load exerted on the free end. E shows the Young's modules of cantilever beam, which is only related to the material of beam. L expresses length of the beam. The rectangular section Modulus can be expressed as 3 2
where y is the distance between the edge and the midline axis of section. I shows the inertia moment from the section to the midline axis, which is a kind of geometric characteristic and has only relation with the given shape of section, and its expression is 3 12 bh in this paper. b expresses the beam width corresponding to examined point x location, and its expression is 1
Stress σ at the examined point induced by the vertical displacement f equates to M W . According to the relation between strain and stress, the strain ε at the top surface of the beam can be expressed as [ ]
Since the Bragg wavelength changes with different strain, the wavelength shift caused by the strain at the examined point x can be expressed as
where e P is the effective photoelastic constant of the FBG material. Equation (4) shows that if the geometric shape and material of beam is selected, the equation can be deduced as follows:
In terms of the equation (5), when
∆ is proportional to the exclusive variable f and has no relation with the location x of examined point. Thus, the strain is nearly equal at any location of the equi-intensity cantilever beam. The grating
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Demodulation System
Transmission grating detecting scheme based on matching filtering was adopted to construct the demodulation system in this paper, which is shown in Fig. 2 . An amplified spontaneous emission source (ASE) (1528-1564 nm, 31.6 mW) was used to transmit the broad-band light to the sensing FBG element via a typical 3dB fiber optic coupler. The incident light meeting the Bragg wavelength condition was reflected by the sensing FBG and entered into the demodulating FBG through the coupler. A fiber isolator (ISO) was used to protect the light source from the reflected sensing FBG. The displacement set controlled by the computer drove EICB to reciprocate for inducing deformation of the demodulation FBG, which eventually caused the output voltage of amplifier (AMP) reached the minimum when the Bragg wavelength of demodulation FBG matched with the sensing FBG. When the temperature and strain were imposed on the sensing FBG, which caused the Bragg wavelength shift of sensing FBG, the matching relationship was destroyed. Then the displacement set controlled by the computer tuned the demodulation FBG continuously until the output voltage of AMP reached the minimum again, namely, the matching relationship was rebuilt. According to the moving step numbers between two minimum output voltages, the relationship between the moving step numbers and the wavelength shift was calibrated, and then field environment detecting could be realized by using moving step acquired in real time. 
Results and Discussions
The length, width of fixed end and free end and thickness of EICB were 100, 40, 2 and 1.9 mm, respectively, and the moving displacement of the motor was about 5 m µ per step. The FBGs Fig. 3(a) . The strain sensitivity from the top down is 0.00131, 0.00118 and 0.00110 nm step , respectively. A good linear relationship could be seen for the demodulating FBG fixed at any location of the centre axis, although the strain sensitivity of the demodulating FBG at different location is distinct, which cannot affect the precision of the demodulation system. When the matching FBGs were placed on the different location of the beam where x equates 45 mm but the distances to middle axes were 0, 4 and 8 mm, respectively, the strain sensitivity is shown in Fig. 3(b) . The average strain sensitivity is 0.00117 nm step . The linear relation between the wavelength shift B λ ∆ and the step number of the motor was gradually worsened with the distance increasing between the FBG and the middle axis. The maximum difference of the wavelength shift B λ ∆ was 0.4 nm when the step number of motor was 1600. The above conclusion provides some valuable information for future research on multi-point demodulation technology. For example, some demodulating FBGs can be placed on the surface of EICB in different layouts to realize the multi-point demodulation, but the distance between the demodulating FBG and beam center axis should be closed to minimum to impose symmetrical strain on FBG.
The real-time output voltage of AMP inspected by Oscilloscope is shown in Fig. 4 when overall scanning process was completed. A shape of the letter V ( min V =105mV) appeared when the demodulating FBG matched with sensing FBG in the process of the movement of the motor, and there was no evident fluctuation near the lowest, which decreased the chance of mis-identification caused by noise interference. After the overall scanning, the displacement set came back to the lowest point and began the demodulating process of automatic follow. Because the movement velocity of displacement set was restricted, the demodulation system cannot follow the high-frequency dynamic sensing signal.
The testing results of the demodulation system are shown in Table 1 . The sensing FBG was placed in the thermostat from 30°C to 100°C. The relative error was 0-4.29%. It indicated that the demodulation system could demodulate the temperature sensing signal with low error which was caused by path difference of tuning setting, optical and electrical noise and so on.
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Conclusion
High-precision displacement set was adopted to drive EICB to tune the demodulating FBG in this paper, which decreased system cost greatly and avoided the hysteresis effect and the nonlinear problem. The experiment results of FBG strain sensitivity based on EICB kept good consistence with the theoretical model. The average strain sensitivity is 0.00119 nm step in the experiment, and the average relative coefficient is about 97.967%. The demodulation system realized the temperature detection, and the maximum relative error of temperature detection is 4.29%, which can be decreased further by adopting higher precision motor and optimized detecting circuit. The demodulation scheme based on EICB makes it possible to demodulate multi-point sensing signals in the project field with rapid demodulating speed, higher precision and lower system cost in real time.
